Columns are main structural members that carry axial loads, which can be combined with bending and shear loads. Unlike most load-carrying members slender columns fail due to buckling rather that yielding, as the bucking load is lesser than that required for yielding. The governing differential equation of buckling when an Euler-Bernoulli beam-column carries an axial load P, depends on the geometry (moment of inertia) I , the elastic modulus E of the column and boundary conditions. This fourth-order Sturm-Louiville differential equation is given by
where the primes denote differentiation with respect to the axial coordinate x .
Lagrange [9] first seeded the problem of determining the shape of the column that maximizes its load carrying capacity, for a given volume V and length l . As an early application of Calculus of Variations, he fallaciously concluded that the right circular cylinder is one but not the only solution of the strongest column. Based on ideas of Feigen [3] , Keller [5] revisited the Lagrange problem and presented the solution for a pinnedpinned column. Tadjbakhsh and Keller [8] extended this work to provide solutions of the optimal column with fixedfree, fixed-pinned and fixed-fixed boundary conditions. The shapes of the strongest fixed-free and fixed-pinned columns given in [8] are shown in Figure 1 (a) and 1(b) respectively.
Cox [2] disputed the solutions obtained in [8] by the argument that vanishing areas at interior points in the fixedpinned and fixed-fixed columns, result in vanishing eigenvalues. One may arrive at this conclusion by reasoning that a free mode, wherein the displacement is discontinuous, will result in vanishing eigenvalues and hence zeros critical buckling load. The moment springs in the link-spring model have stiffness such that the discrete model is equivalent to the continuous one. The stiffness of these moment springs is a function of the cross-sectional area, elastic modulus of the material and the length of each link. The link-spring model shown in Figure 2 emulates the fixed-free column when the support spring at the top vanishes. When the first moment spring with index one vanishes and the support spring at the top approaches infinity the model imitates the pined-pinned column. Finally, the fixed-pinned model is emulated when the support spring approaches infinity.
The deflection of the nodes in the link-spring model, when found using energy method, lead to a symmetric eigenvalue for all boundary conditions. The objective now is to find the stiffness of the moment springs (functions of cross-sectional area) in the system that maximizes the first eigenvalue. The Courant-Fisher [4] characterization of symmetric eigenvalue problem along with Lagrange multipliers is used to aid in this process of optimization.
The optimal system can be determined recursively by using a one-parameter iterative loop. Further, the simplicity of the recursive solution circumvents the process of solving the set non-linear equations given in [8] . Using the recursive solution it is shown that, for the pinned-springsupported boundary conditions there is a region where the optimal solution is not unique. In particular, this has been proved using three degrees of freedom link-spring models.
This study enlightens the results obtained by Tadjbakhsh and Keller in 1962 [7] . In particular, it allows evaluation of the strongest clamped-pinned column as a transition from clamped-free column, by increasing the stiffness of the support spring at the top. Further the optimal shape of the strongest pinned-pinned column is also obtained during this transition, when the stiffness of the first moment spring vanishes.
The shape of the columns obtained via the discrete model matches with the ones obtained by Tadjbakhsh, and Keller [5, 7] . The shape of the strongest clamped-free and pinned-pinned columns obtained via a thirty degrees of freedom link-spring model are shown in Figure 3 (a) and 3(b) respectively. It is very evident that the discrete model converges to the exact solutions even when the number of degrees of freedom is not very high. 
ACKNOWLEDGMENTS

